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RETRANSMISSION OF IVATER RESOURCES DATA USING 
THE ERTS-I DA'I'A COi..U'.CTION SYS'lEM 

R.A. liallidav', I. A, Reid, E.F. CJiapman (Canada - 
Department of the Environment) 


ABSTRACT 

The Water Survey of Canada operates a netv.'ork of approximately 
2400 gauging stations at wliich water level data are collected. 

In most cases the water level data arc- used in conjunction wj.th 
periodic discharge measurements to produce daily river discharge 
data. These data may be used for design of structui’es and 
works, flow and flood forecasting, project rcgialation and for 
pollution control. In many cases it would be desirable to 
obtain data on a near real time basis. However, the isolated 
locations of most of the gauging stations have made the cost 
of land line telemetry proliibitive . Fewer than 100 gauging 
stations have been equipped with telemetry systems. 

Therefore, when the ERTS Data Collection System became aviiilable 
in 1972 it seemed vs'ortlwhile to investigate tlie possibility of 
using a satellite retransmission system to collect discrete 
water level readings at least once daily from a few gauging 
stations and to use these data for operational purposes , In 
this way a valid assessment with regard to reliability, costs 
and other aspects of the Aviiole system could be carried out and 
decisions made with respect to the feasibility and advantages 
of establishing a much larger network of DCPs dependent on 
future satellite facilities. 

To perform this assessment, nine DCPs were installed in isolated 
areas of nortliern and western Canada. It was felt that DCPs 
in these locations i\>ould be exposed to climatic conditions severe 
enough to provide a check on system I'eliability . In addition, 
near real time data from the sites selected would help the Water 
Survey of Canada meet some of its operational needs. 

Water level data are transmitted from all sites and, also, some 
of the DCPs a.re used to transmit ice break-up, water velocity, 
precipitation, air temperatui'e , water stage recorder clock 
operation or DCP battery voltage. Consideration is being given 
to transmitting other parameters that would be of value in flood 
or flow forecasting. 

Results of the project have been excellent. There has been no 
data loss that can be attributed to failure of a DCP altJiough 
data were lost because of sensor malfunctions. The quality of 
data collected compares favourably with that of the hard record 
obtained at the I'emote sites. Costs of using the ERTS Data 
Collection System are I'easonable. 



INTRODUCTIOa' 


The Earth (Resources Techn«>i&gf Satellite (ERT3-1) was launched on July 23, 
1972, This satellite previiJeS f®r the repetitive acquisition of hi,gh 
resolution multlspettrai data of the earth's surface on a global basis. 

In addition, t'ne satellite has the capability of retransmitting data from 
remote, widely distributed, earth-leased seiisor platforms to receivers in 
the United States. This data retransmission capability has been used by 
the V’ater Survey of Canada for acquisition of water resources data from 
nine remote sites on a near real time basis. 

The Water Suin.^ey of Canada operates over 2400 gauging stations at vdiich 
water level data are collected. At most stations, the water level data 
are used to compute river discharge data. These data may be used for 
the design of structures such as hydro electric power plants and for flow 
and flood forecasting, project regulation and for pollution contarol . In 
many instances, it w'ould be desirable to obtain data on a near real time 
basis; however because of the isolated locations of most gauging stations, 
the cost of doing this has been prohibitive. Fewer than 100 gauging 
stations have been equipped witlii telemetry systems. 

Therefore, when the ERTS Data Collection System was proposed it seemed 
wortliwhile to investigate the possibility of using a satellite 
retransmission network to collect a discrete water level reading at least 
once daily from a few gauging stations and to use the.se data for 
operational purposes. In this way the dependability, costs and other 
aspects could be studied and decisions made with respect to the 
feasibility and advantages of establishing a much larger network of Data 
Collection Platforms (DCPs) dependent on future operational satellite 
data retransmission facilities. 

This paper discusses site selection, sensors used, field installation of 
DCPs, data handling, results and future plans. 

Site Selection 


The sites were selected on the basis that real time data would be very 
valuable for flow forecasting and other operational purposes. In addition, 
the .severe climatic conditions at the sites would provide a good test of 
the DCP's performance. 

Nine sites were selected for experimentation with satellite retransmission 
by ERTS. Three of the sites are in soutliern British Columbia, two in the 
western arctic, one in northern Saskatchewan, one in the eastern arctic, 
and tv.'o in nox'thern Ontario. These sites are located in northern or 
mountainous regions. Because of the range in climatic and areal conditions, 
it is considered that these locations would provide a good test on the 
operational aspects of the data collection. Tabic one lists the nine 
sites now in use. 
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TABLE 0‘-;L 


WATER SURVEY OF CANADA GAUGLNG STA'JTONS 
ILAVING ElTi’S DCPS 



Station Name 

I .!). 

Lat . 

Lonp^ , 

1. 

Duncan River below B.B. Creek 

6126 

50^38 ' 

117°03 

2. 

Nahatlatch River below Tachewana Creek 

6232 

49^57' 

121*^52 

3. 

McGregor River at L©u>er Canyon 

6354 

54°14' 

121*^40 

4. 

Mfeckenz-ie River near Wrigley 

6260 

6o"l6' 

123*^36 

5. 

Mackenzie River at Sans SaiaJt Rapids 

6366 

65°46 ' 

128^45 

6 . 

Lake Athabasca at CraePtingstons Point 

6150 

59°25' 

108°53' 

7. 

Kazan Rix'or at Outlet of Ennadai Lake 

CoS 5 

6i°15 ' 

100°5S' 

8 . 

Albany River above Nottick Island 

6102 


86°24' 

9 . 

Winisk River below Asheweig River 

6137 

54^31' 

87°14' 


Site 1) is in the Columbia River basin. Data are supplied ‘by the Water 
Survey of Cantida to Canadian and [jnited States operating entities who use 
the information to forecast runoff especially spring runoff wlien tliere is 
an ever present threat of flooding. Also, the Columbia River Basin 
Permanent Engineering Board uses the information to chock operating- 
schedules of the Treaty dams. 

Sites 2) and 3) are in the -Fraser River basin. Data from these sites are 
used as an index of tributary inflow into the Fraser River for flood fore- 
casting purposes. In most years the spring runolrf on the Fraser presents 
a flood threat to major population centres. 

The principal method of transporting bulk cargo in the i^'estern arctic is 
by means of barges on the Mackenzie River, Because the shipping season 
is short, it is desirable that barges carry the maximum possible tonnage 
and yet not be subject to the risk of running aground. The. Water Survey 
of Canada makes predictions of water levels three times weekly for 
navigational purposes. The real time water level readings from the two 
Mackenzie River sites (sites 4) and 5)) allow the barge operatoi'S to 
transport the cargo efficiently and economically. 

Lake Atliabasca (site 6j) is a naturally controlled reservoir augmenting 
low summer flows in the Slave and Mackenzie Rivers. T!ie wildlife in the 
area, along with that on an adjoining lake provides the means of livelihood 
for nearly all tlie native peoj-jle in the a.rea. Both, the wildlife and 
native people are now affected by the control exercised by the power 
development on the connected Peace River. Real time data at Lake Athabasca 
is considered beneficial for monitoring purposes. 

The Kazan River (site 7)) in the bari’en lands of the eastern arctic is 
accessible only by chartered aix' service with the river serving as a 
landing strip. Flows in this river are I'epresentative of conditions in 
a wide area of the eastern arctic. Therefore, if prevailing river 
conditions'" at this site were known, considerable savings might be possible 
in scheduling hydrometric and other activities in the area. Ice formation 


- 3 - 



3nd br®aK~yp couljl be detected gnd the sirCTSft et^ulpp^d with the 6ppr®pri8te 
Itindini gear. 

Jjic Albany artd Win.isi( Aivers (sites S) and 91) arc major rivers in northern 
Ontari© that are 3ccessi.bJe Oy>ly by fixed iinci rotary winged aircraft. A 
knov.'ledge of river conditions ifi the area would aid activities in tliis part 
of northern Ontario, The two rivers are f.iiriy representative of most 
rivers in the area and have been under investigation for a majoi’ water 
resources development. 


SENSORS 


IVatcr Level 


Water level is the primary parameter retransmitted from Water Survey of 
Canada gauging stations by ERTS-1. Two systems are used by tlie Water Survey 
of Canada to sense water Jevel. 'Flic first is a float and pulley operating 
in a stilling well that is connected to the river. IVhero it is not feasible 
to install or operate a stilling well system, because of climatic or 
economic reasons, a nitrogen purge system is, used to sense the head of water 
above a fixed orifice near the river bed. The pressure of the head of water 
over the orifice is transmitted by the pressure exerted on the gas in the 
bubble tubing to a servo-manometer which converts this pressure to a shaft 
rotation. At conventional gauging stations the output shaft from the servo- 
manometer or the float system is connected to a Leupold 5 Stevens 'i'ypo A 
analogue water stage recorder. 


At tb.e ERTS DCP sites a Leupold ^ Stevens Memomark II is used in conjunction 
with a float or servo-manometer to encode and store the water level as four 
binary coded decimal digits. Thi.s enables water levels ranging from 0000 to 
9999 to be transmitted. No interface is needed between the Memomark II and 
tlie DCP. 


Fr ee. ipi tat i on and Air Temperature 

In co-operation with the Atmospheric Environment Service, Department of the 
Environment, two Hydrometeorological Automatic Recording and Telemetering 
Systems (HARTS) were installed to encode and store data from a L'lschcr- 
J’orter precipitation gauge and a platinum resistance bulb thermometer. 
Accumulated precipitation to the nearest 0.030m (O.i ft.) and temperature to 
the nearest 0.055C” (O.IF^’) are encoded for transmittal by ERTS, The HARTS 
system is described in (Pong, 1973) and has also been used for encoding of 
snow pillow' and w'ind I'un anemometer data. 

Water Vel ocity 

River velocity is a useful parameter to record especially during those periods 
when the conventional stage-discharge does not hold. Using stage and recorded 
velocity data, it is possible to compute river flows at many gauging stations 
v/hen a stage-discharge curve is not defined, (Strllaeff and Bilozor, 1973), 
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A M6rsh"/^ei2ii.rybey electremagnetic taetcr u>hic.K has oy-tpwi!: Voltage ©f 0 
to 1 Volts corresponding Ji^iearl/ to a velocity «f © to 1© feet per 
secon>d is installe<4 at one site. Im order to ©btain time, averaged ds.t&, 
a velocity i ntcgrat®T" has been designed. 


'*lce - out" Indica tor 

A useful piece of information for computation of stream flow data and for 
planning of hydrometri c operations is a knowledge of when the ice moves 
out of ti\e river at n gauging station. Two methods that use tiie same 
principle were designs^ to detect t)\is ice movement. The first was to 
connect a 4 1/2. volt battery to light wire, then put this voltage into 
one of the analygue dionnels. The battery is frozen into the ice surface 
of the river .so tl’.at when the icc moves out, the cable is broken and the 
voltage ] cvel drops to zez’o. A second version of t)ic same systejii uses 
one bit rather than an entire word. In this case a friction type plug 
is tied firmly near tlie water's edge with the male side of the plug- 
shorted and connected to a line which is frozen into the ice. When the 
ice moves out, the plug pulls apart and the bit transmitted changes from 
a zero condition to a one condition. "Ice-opt" indicators were installed 
at several sites. 


DCP Ba t tery Check 

A battery check device (Kruus, 1973) has been installed at three sites 
to monitor the voltage level of the DCP j^ower supply. The voltage of 
the DCP batteries i.s scaled to provide a voltage les.s than ."i volt.s. In 
order to conserve the DCP batteries the device is switched on by the 
data gate signal prior to a transmission. The battery check device uses 
one analogue channel. 


Water Stage Recorder Operation Check 

The Leupold & Stevens Type A recorder has very good cold temperature 
perforimance characteristics but is subject to clock stoppages at about 
“50^C (Chapman, 1971). Also, the clocks stop once in a Vv-hile for reasons 
other than cold temperatures. Once stopped, it is very unusual for a 
clock to restart on its own. ,A method of checking clock operation using 
a cam and .single throw', double pole micro '-switch was devised. When the 
recorder clock is operating two parallel digital bits in the DCP 
message change from 01 to 10 to 01 and so on every 10 hours. A failure 
to change indicates that the recorder clock has stopped. .A fe'w of these 
devices are noiy in operation. One of the autliors' chief concerns vyas to 
ensure that the device itself would not cause a clock stoppage. 


INSTALLATION OF DCPs 

The DCPs are installed in regions where severe climatic conditions 
prevail. Temperatures lower than -50°C can occur at some sites. Also, 


- 5 - 



wind velacilies ijn the order of lOO km/lir or snow depths of 2 in are. possible 
None of tha sites Sre in high hurr.idity areas. 

Some of the PCPs were heated to protect them from severe temperatures, 
ilie methftd of lieating consisted of constructing an Insulated cojspartmen't 
of plyw©a4 and stjrreifoam aremd tlic instruii.cnt. This ehclo.sure is 
liGatcd using n catalytic propane lieater having a 6iO{iS orifice. One 
45,4 kg (100 lb.) tank of propane is sufficient to last three to four 
months . 

Three different DCP power supplies were used. One is a series-parallel 
combination of 6 rechari^eabHc; Union Carbide No. 564 batteries^ anouhei 
is two heavy diity IE lead-acid batteries in series and the last, two 

snowniobi le 12 volt lo&d-acid batteries in series. A set of air-depolarized 
carbon zjne batteries that, reputedly, have good low temperature 
characteristics and long life, have been purcliased for installation 
during the winter of 1973-74. 

Pigurc one shows a typical interior of a gauge house containing a propane 
tank for the heater,' a nitrogen tank for the gas purge sy.stem, the 
Lcupold e, .Stevens Type A-71 recorder, tlie CAB Aircraft water stage 
servo-iiuinometer, the Leupolcl {i Stevens Memomark II water level encoder 
and the General Electric DCP electronic box. 

No special precaution.s were taken in erecting tlic antennas. Guy wires 
were u.scd in those cases where strong winds or heavy snow loads were 
expected. Some antennas have been STibject to winds speeds of 80 km/hr 
OX" SiiCVt locicls oi X Jn VvXtii no 

As the DCPs were installed in existing instrument or combined instrument 
and personnel shelters associated with a gauging station, the installation 
could be completed very quickly. About two man days were required to 
install the antenna, connect interfaces to existing sensors and activate 
tlie DCP. 


The only real problem was getting the DCP on site. In many cases, the 
bulky shipping carton could, not be fitted into aircraft normally used in 
hydro-metric operations. Therefore, the antenna, electronic package and 
hardware were removed from tlie carton and the antenna transported with 
no protection. Fortunately no antennas were damaged. A smaller ground 
plane would be a definite asset from a transportation view'point. 


It's noteworth 
two DCPs were 


y "ths t j despite the ltLTr,^e size of the shippiiig copt^ineT. 
lost during shipment by commercial air carriers. 


Figures 2 and 3 show the typical exterior appearance of DCP installations 
at Water Survey of Canada gauging stations. 




Figure One: Instrumentation Layout in Typical 

Gauging Station 



Figure Two: Typical Instrument Shelter 

with ERTS DCP Antenna 
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Figure Three: Typical Instrument and Personnel Shelter 

with ERTS DC? Antenna 



DATA DANDUNG AND PROCESSING 


The fATS Data Cel lecti on System is compc^sed of three subsystews: the 

DCP a rcffiets site, the receiving and transmitting e^uiproent in the 
ER.1S spacecraft, amd the receiving site equipment ai Soltlstorte, Calif<ornia 
and Creenbclt, i^Jaryland. 

The 13CP accepts eight words of data, eight bits in length, frovn the user’s 
Sensors in analogue, parallel digital or serial digital form and transmits 
the encoded data along with a DCP identification number in a sliort hurst 
at 401 '55 MHs every three winutes. When the satellite is within mutual 
view oJf a transmitting DCP and a receiving site, the data are recovered. 

Data received are formatted and transmitted over t’ae NASA Comwtiinication 
System (NASCO(^) to the HRTS Control Center where, af'feer fui'ther processing, 
the data are supplied to use:rs in card and printout form and, in some 
cases, by teletype. The Canadian cards and i>rintouts are delivered to 
the Canadian Embassy in Washington, D.C., then carried by diplomatic 
bag to the Canadian Department of External Affairs in Ottawa" where the 
data were mailed to Canadian users. This uiiwicldly procedure usually 
results in a delay in receipt of data of about two weeks. 

In order to overcome this problem, the Canada Centre for Remote Sensing 
(CCRS) in Ottav;a and NASA made arrangements for Canadian DCP dat.a to 
be received at CC.RS by dedicated teieplione line after each orbit. 

Normally a delay of 30 to 40 minutes is e.xperienced. The data received 
are recorded simultaneously on a teletype hard copier and a magnetic 
tape. 

At present, these data are periodically inputed to the CCRS time sharing 
computer system. A software data retrieval system. sorts the user 
platforms, reformats the data into engineering units and stores 
individual usei' files on disk. The user may then access his data file 
using either a teletype or telex remote terminal. Several users across 
Canada receive data on a daily basis by telex. 

Arrangements to automatically input the data received from NASA into 
the CCRS computer system are in progre.ss. 

As data transmitted over the existing teletype line are sometimes 
degraded, the data I'eceived in card form are translated by computer into 
engineering units to provide a hard copy for comparison purposes. 
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RESULTS 


The nine \later Sur^uay of CsnaiJs jplStf&Tiss ha\)e been j.n operation for an 
avere^e time of one year withonj® experiencing a DCP failure.. Twd platforms 
have stoppeci trensaitting because of DCP ibattery faijuires but Started 
again When the batt®r\f was replaced, Als© some platforms ha«^e been 
tuTiieci off t© jneue them to diffe#en>'S &ites. 

Four platforms are now installed at sites other than those originally 
specified ici the submission to WASA. fOne was never iaiiStalled at the 
original loeation}.. The platforms were mo'i'ed to sites where the data 
would be more bene.ficial to users and where the platforms mouN be exposed 
to more rigorous field conditions- The platforms were relocated once 
confidence vssas gained in the ERTS Data CoUectioa System. 

The communicetions Mnl( from the DCPs to tfce Nfi^A flata Processing Facility 
(NDPF) has beeni extretaely reliable with about percent the Camadian 
t^ssages having been assigned the hiighest confidence level (7). Che^Ufs 
have shuww that, when message confidence is 7, tJie data received uifi 
ERTS are identical to the ualues "seen" by the sensors. 

The nwmlfeer of confidence 7 messages from the nine platforms are summarite«^ 
in tabic two. fill figures are based on the tise of the iSO second transmit 
rate. In this transmissions from the same platform received at both 

Goldstone and Grecnbelfc ©.t the same time gre countej^ once.. 


- tabu: TVio 

SUMMARY OF RETR^LYSMITTED DA'I’A 

Transmissions 

Platform Daily Mean Transmissions for Period Daily 


Ideiitification 

of Operation 

Max. 

Min 

6126 

7 

10 

3 

6232 

9 

13 

4 

6354 

8/9* 

13 

3 

6260 

9/6* 

1.3 

4 

6366 

8/8* 

13 

4 

6150 

14 

19 

6 

6353 

15 

25 

7 

6162 

15 

20 

6 

6137 

16 

22 

6 


* two locations 
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Tihfi numbe.r oS -transiftissio/js fro» & site. seen»s xo be (^ej?en«lant ©n the 
geographi caJ Iscation ar>d the hori'zeni elevation- Sltei sarr®wiD^ec{ by 
d®®>idu<JU$ ^T 0 eS su&h gs tha-fe ia^ f-igore 2,; n® dlfferenee i?» trans- 

mi&s;i©rt rgte§ from cuwer t© vi^inter. Alstt the. trensuM'iLSSien. rete secRvs 
uoaffeeted by accumuiations O'^ct ®,5 m dT^ snow on the ground 
|i.liai?tie. There is sofee evidence to suggest tha^ the transunissiens are 
atten®a£ed s.l.ightly when this snow gover is melting. 

A few platforms in the higher latitudes wera ©perated on the 9© second 
tfansmission ra\ie for short periods of time until itr became apparent that 
tuffiiiieifflfe data would be received St the l$0 sae&nd rate. It'S noteworthy 
that because of the high JatitutJes in which the platforms are operatccl, 
and despite the long dis-tensea ±o Xhe jfeceiwers, that data are occasionally 
received on 0 orbits a day. H^ata are fre^juently received on 7 orbits 
each day. 

The sensor5 discussed in an earlier section of this paper have all performed 
well. The main problem has been a failure of the water level encoder to 
update. T>»is occurs when the encoder cIocK £tops> either because of battery 
failure ®r for other reasons. Many batteries associated with the ER.TS 
installations have been left operstin| until failure in order to evaluate 
their performance under load St IdsW temperetufes. 

All of the Water Survey of Canada CCPs are installed in locations where 
sate access is difficult and costly. Because of this, sites are visieed 
as few as five timnes g year, therefore when a Sensor or other fat lure. 
occurs at a DCP site severalL WeeSis may elapse b®f®re repairs Can be made. 

The bCP data can be vse^ to diagnose the problem snd appropriate repair 
parts can be carried in to site. Als®, if warranted, & special trip 
to the site may be scheduled i® order t© Bieet data users' requirement^ . 

As ERTS is an experimental system, NASA and other agencies arc paying 
some costs that would normally be charged to users. It is tlierefore not 
possible to produce rigorous cost comparisons between data retransmission 
by ORTS and by other means. Table three shov;s some approximate costs of 
installing water level telemetry service at an existing gauging station in 
soutlieru Canada. 


TABLE ITlilEE 

APPROXIMME COSTS OF WATER LEVEL TELEIETRY 


Capital and Installation Annual Maintenance Annual Operating 

Telephone $ 1,400 < $ 100 $500 
Radio $20,000 $1,000 $500 
ERTS-DCP $ 4,500 < $ 100 low 
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It s.Ke«>.ld be looted that jft iftsst parti, of Ca^edd tbe. ins'^aiHng 

telcpbo:ae of radio t&lemetr;{f sj^s'tef^s Is oot economicsHy fessib)e 
ttvierefore £Stellite retransmissc®ft is the Oiwiy mee.A£ ef obtsjvniog u^ater 
r^soortes data frem these areas. 


FuTUftE PUKiS 
C^T£ R elated 

Tbe mai fu tbrw&t of "toe Survey ' S progrsK^ sviJl be a wove towards 

qu®si -oper@ti®r>8f ose of the EftTS Data CoJlcction System- The wismber of 
platforms viiiJl be iocr^ss*^ to about 30 and the b£? memory developed by 
the U.S. G&oldgical Survey, Watc-r RoEources Division will be used a"t a 
few sites, (^eration of this larger rtetwor^ ®f PCPs will enable a more 
thorough analysis ®f the e^sts and benefits of satellite retransmission 
to be carried emit. 

It is expected that a few additional sensors will be used. The most prdsbsble 
art water temperature Sind ice thickness. These data are useful for ©pera'ti.on 
of hydrometric data gathee'lng networJics a«d Ksy be of interest to data users. 

Beyo nd ERT S 

Additional FRT$ platforms will be ordered keeping in mind future develop- 
ments in the field of satelHte retransmission. If the BS.TS system faillsS, 
these platforms <ean be easily converted to operate as self-timed units 
using the Geostationary Operataewal Fnvirorunental Satellite (G©ES) Data 
Collection System. The G©ES Satellite, which is expected to be c^erational 
in late 1974-, will be operated and controlled by the l<ati©nal Oceanic a»d 
A to ©spheric Administration (N0AA) of • the U.S. Department of CffitKJsercc. 

There are two Canadian satellites under consideration that v/ould have data 
retransmission capability. The first of these is a 3ov? capacity geo- 
statioiiary UilF communi cati ons satellite (Walker, Card, Roscoe, 1973). 

The data retransmission system will he similar in many ways to tliat of 
GOES. A feasibility and design study for tlie platforms, that will be used 
with tlie satellite, has been completed under contract to the Canadian 
Department of Communications . 

The second proposed satellite is an earth re.sources satellite that would be 
similar to ERTS in many respects. This satellite would jiave scanning and 
data retransmission capability. Both of the proposed Canadian satellites 
could be launched in this decade. 


CONCLUSIONS 

The original intention of the Water Survey of Canada in participating in 
the ERTS Dato Collection System experiment was to determine if reliable 


\ 
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water level <jia(ta eoold be fetrensi'tittec! twice daily fr<s>fii are isoJatCifi 
location on a Rear real time basAj. It®s apparent that the experience 
since the launch of ERTS-1 has amply dertonst rete<d the technical feasib jJitjf 
of £&teJ J. ite ret/'ansmiasion , fit least ■fxeifl low orbiting spacecraft. 

The Generel Electric DCP has proven to be a versatile, rugged piece olF 
hardware, and has surpassed original ejcpectat jOAT' . No interfacing problems 
have been encountered. The <j|uantity of reliable data gathered by the ERTS 
DCPs has proven very VSefuL for water resources psanageRent and hydrometric 
field operations, 

Canada is & large sparsely populated r»ati®ri. These factors plus the 
country’s rigorous northerre climate and large £,5urface Water E«^ply appear 
to make satellite retrsnsmieir ion ®f water resources data a logical 
ejf.tensien of Space Age technology to the science ei' Kydjrovfetrjf . 
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